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FIG 1. Schematic representation of 
all-electron mixed-basis method. The 
one-electron wavefunction is expanded in 
terms of both nucleus-centered 
wavefunctions within the core region and 
plane waves outside the atomic spheres. 
In the AEMB forlnalism there are a number of parameters, which must be selected with care. Some 
parameters, such as the cutoff energy of the PW expansion of the potential are important for 
accurately computing the forces and thus affect the final geometry, but turn out to be rather 
unimportant for the hyperfine parameters (HFP'S) when the correct geometry is used. Accurate forces 
were obtained with a potential cutoff energy of about 1000 eV for all elements considered with a 
single exception. 
For hyd~rogen a higher value of 1500 to 2000 eV is required. Among the HFP's, it turns out that the 
isotropic (Fermi contact) HFP is far more sensitive to the choice of parameters than the anisotropic 
HFP's. Therefore, we shall focus on the effect of computational parameters on the Fermi 
contact~interaction. The atomic orbitals (AO's) used for expanding the one-electron Kohn-Sham 
wavefunctions are obtained from non~spin polarized atomic calculations. Generally, we select the 
ground state electronic occupation numbers for the atomic calculation. However, for ions we have 
found that more rapidly converging results are obtained if the AO's are derived from an atomic 
calculation with electronic occupation numbers that mimic the ion. Thus, for n-positive ions belonging 
to group 11 of the periodic table we selected a non'ground state electronic configuration with n outer s 
electron and n outer p (25Mg+) or d (43Ca+) electron. The outer p or d atomic orbital can be retained in 
the mixed-basis expansion for the wavefunctions but this has little effect on the computed HFP's. For 
the single atom and single ion calculations we selected a rather large atonj:ic sphere size with a radius 
of 3 A. Using this rather large size allowed optimal use of the AO's for the more extended outer s like 
states which benefits the accurate computation of the Fermi contact-interaction. Other important 
parameters are supercell size and plane wave (PW) cutoff energy for the expansion of the 
wavefunctions. 
Figure -~'-a indicates the convergence of the calculated Fermi contact-interaction of the 7Li atom with 
respect, to supercell size. The cutoff energy for the PW expansion of the wavefunctions is 9-00 eV. A 
supercell size of 12 A gives converged results that are in excellent agreement with experiment [4]. 
The supercell size plays an important role for atomic ?Li because of the spatial range of the 2s 
wavefunction. For small supercells, the tails of the 2s wavefunctions overlap with neighboring cells 
which in turn affects the Is wavefunction. For other atomic calculations the 12 A has appeared 
sufflciently large also to assure convergence of the Fermi contact'interaction. Spatially extended 
clusters require larger supercell sizes, and a 1_Q A separation distance is a guideline. 
Figure 9--b shows the dependence of the Felnni contact-interaction of 7Li sample on the cutoff energy of 
the PW expansion of the wavefunctions. Clearly, the PW cutoff energy plays a minor role when 
compared to the supercell size. It appears that at a cutoff energy of 200 eV the wavefunctions are 
described with sufficient accuracy provided that the supercell is at least 12 A. For large-scale 
calculations, where resources must be used most efficiently, it is likely that an even lower PW cutoff 
energy suffices. 
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FIG 2. Conxputecl Fermi contact interaction for atomic 7Li (a) as a function of supercell size, Ieft 
picture and (b) as a function of the cut~off energy of the wavefunction plane wave expansion at 
supercell sizes of 6, 8, 10 and 12 A (diamonds, squares, circles and triangles in the right paneD. Lines 
are guide to the eye only. The expelimental values (solid line) is from Ref. 4. 
Figure 3 shows the radial representation of the spin density in real space in the vicinity of the nucleus 
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radial part of the carbon 2s orbital as obtained directly from an AEMB calculation and as 
reconstructed using AEPP as well as the corresponding pseudo-wave obtained from a pseudopotential 
calculation. The figure clearly shows excellent agreement between the reconstructed _2s orbital with 
the corresponding AEMB orbital. In fact the lines are essentially indistinguishable. 
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FIG 5. Radial part of _9s orbital, 1~~~7s(1)1~ obtained directly from 
 an all-electron mixed･basis calculation, AEMB (solid line), as 
obtained from reconstructing the pseudo wavefunctions 
(dotted line) and as obtained from corresponding ultrasoft 
pseudopotential calculation, USPP (dashed line). 
O 1 15 O. S 
, (Aj 
To further test the accuracy ofAEPP, it has been applied to calculate the contribution of core levels to 
the spin density at the nucleus, p~O), of various elements, including a series of first-row elements and 
3dLtransition metals, in their ground state electronic configurations. The calculated p~O) values along 
wit.h the corresponding AEMB results have been listed in table 4.7 of thesis. 
The table reveals that for first-row elements the reconstructed pg(O) agree very well with the AEMB 
values. The difference between the two metllods for this group of elements is less than 0.5010. For 
3dLtransition metals also, in spite of the different character of the SOMO, a good ag 'eement between 
reconstructed and directly calculated (with AEMB) p~O) values was obtained. The two methods differ 
most when the number of unpaired 3dL~electrons is largest. However, even in the extreme case of Mn, 
with the ma-xl"mum number of unpaired electrons, this difference is still just 4.50/0. 
Interestingly, in both methods, the value of p~O) increases with the increase in the number of 
unpaired electrons. Accordingly, for Zn with fully occupied valence orbitals (3dro4s2), p~O) becomes 
zero, whereas for Mn (3d54s2), the absolute value of p~O) is the largest among the elements considered 
here. 
Furthermore, it turns out that p~O) for elements with non-~like SOMO (e.g. F or Sc) is considerably 
larger than that for s~ike SOMO (e.g. Cu). These are all in accordance with our earlier assumptions 
that the strength of induced core spin polarization depends sensitively on the number and type of 
unpaired electrons in SOMO's [5]. It is to be noted that p~O) is always negative. For the first-row 
elements it can be explained as follows: according to the Pauli exclusion principle, the exchange 
interaction induced by unpaired electrons is attractive but applicable to electrons in the same spin 
channel only [7]. As a result, the core I~electrons of spin majority type are pulled a little outward 
thereby leaving behind a slight depletion of their corresponding charge density at the vicinity of 
nucleus. Thus, the spin density associated with core electrons becomes negative. 
For 3dLtransition metals, a more complicated mechanism is needed for a proper interpretation of the 
negative sign of the core spin densities (see our discussion in section IV!B of Ref. 5) . 
In the thesis, a series of more complicated AEPP calculations have been presented for various 
molecular complexes including the radicals and transition metal complexes. Moreover, a detailed case 
study is devoted to investigate the role of vanadium on the formation and reduction of giant moments 
in PdV alloys doped by Fe iurpurity. For further information, the interested reader is referred to the 
thesis. 
~l] A. Abragam and B. Bleany. Electronic Pallamagnetic Besonallce of Tk:ansition lons (Clearendon 
Press, Oxford 1970). 
[2] I. Bertini, C. Luchinat, and G. Parigi, Solution AMl? of Pal:alz2agnetic !nolecules (Elsevier, 
Amsterdam, 2001). 
[3] P. E. Bl6chl, Phys. Rev B 50= 17953 (1994). 
[4] M. Filatov, and D. Cremer, J. Chem. Phys. 121, 5618 (2004). 
[5] M. S. Bahramy, M. H. F. Sluiter, and Y. Kawazoe, Phys. Rev. B 73, 045111 (2006). 
[6] R. Arratia-Perez, L. Alvarez~Thon, and F. Fuentealba, Chem. Phys. Lett. 397, 408 (2004). 
[7] D. M. Chipman, Theor. Chim. Acta 82, 93 (1992). 
- 84.2 -
 一εラ8一
 '。曾@盟～尉号)∩ぞ木製写膝(P(索工)二F斜罪体嬰宰`)Gア
 。藪孝異η契∩背高2侭(¥コ1乎談(り煮工儲僻q甲2R2望
 ∩軍馳孝辛犀草⑦覇励豫壷草⑦扇励票鱗〆ヂ蜂'q羽胆壁厚…彰菖尉軽購9耳≦2協考軽遊離蚤望G喫
 朗尋但上職来謁'2揖～曾ゑ準鼕鼕謡劉寡翠騨2博宴厚裂米語》∩壬購覆莇握盈劃一號隷鵬縫'∩騒翻
 厚毅4陸・冬/て善田螺士塞手～累割晋号習迂塞手⑦早取)∩軽コ犀葛藤零鼎雑眩鵜騨'翠駈挫宰'丁鷺
 。9啄ユ劔η峯s年嬰霧(り本嬰宰'馨121毒9蜀
 。曾q)∩
 敗準コR2咳ゑ臨謝コ渦臨厚田盈翼然狛…臥Pくく〆一壬¥目〉1昌蓄厚菖捏'くE/$一4τミ4算懸¥騨
 9ゑ軽コ型購購±士剴鷺尋鰹幾(P中go'OA96'OPdl¥2湖㍊書。曾儲薄型土塁'健皐轟q耳;～尉菖捏令章レ醐話(∂
 聯群聚暴騰凋騨弾dd匠∀¥翠1弘索渤。9銘皐身弾擢渤遜羽'算皐困蟹)α厚コ1-4×`〃＼壬9㌧く必
 を怯剴⑦身動¢aw且V㌧翠ゆ{夕蝉碗糟。曾q)算皐準雑魚σ螺Z翠1婁⑦2。傷q)∩程獣覆羽帰途
 ⑦そ噂そ¥q轟qね番霧菖程(P奉戴Ω死動輪話母音霧蔦橿⑦d温VΩ妊田屋av'ゑ彫'翠泣東和臨
 。9Q)/〕捌髪⊇。c甲コ1蔦櫻輕醤翠1有髪(り¢副珊斡士劃⑦暫4壁聴ま劃。9米田
 富櫻竣鱗蜘甲コ繋(・A聡pe写ue皿2nv瑚」el・」d)岬ポ翠1様團暉翼⑦蔓瑠軍瞬壬剴。照明馳
 ユ謡劉菖握(P認否畑η訓匠V厚草程尉職9ゑ軽2摺霧漁場厚身餌壷弱鼎籔醗蚤喚目駒止r泣aN匠V.
 ・咽犀咳皐弘些橘2潭鯉)@墾翠澤≧阜菖握⑦2。%UG壬撞卑竿翠⑦菖握凛翠鼎劉鵬鵜騨9甲コ1
 (d舐V)裂4陸/冬・て善Ψ螺去塞手隊∩宙呈樟毅4陸/$く善富螺'コ鷹取畜甥⑦宴.Z臨'翠1弘衷ε臨
 '。塁σ豫η目与垣茎ση2藪ゑ…彰菖弘謡鱗豊ユ咽墾厚尉⑦享型⑦r4一〆鼻/鱒
 阜餐羊ρ近鯛阜翁(P凛翠票雑腿珊騨翼瑠璃2疇離噸殺⑦翻軍辮壬・剴'蕾霧⑦2・。曾嘩弘G一⑦辛よ菖捏盈
 劃一臨禅算弼身鵠』瞬29ゑ睡峯コ1毅猶与母罷論士塞⑦q留剰士童謡マ身》⑦鼎士劃立喜菖掲牌
 '而・q一耽R2ゑ峯垂耳影壁融⑦簾陣ま剴η梁塵ホ厚聯圏噸数⑦当職凹く[匠V。咳y群厚鵬翼(P=r▽`
 4ロ∠η♪竿翠(P(aN匠∀)辛勘晋早習≧士塞手9禦弘辛埠蟹穆ψ一斑9ゑ園呈ゆ駈搬率'罫泣婁z臨
 。曾y麟厚累耳遠鶴草鹿倒⑦ユ累算コ受アコ1駈挫宰¥皐ρ寮コ
 算≧＼廷厩程酎9尊属2砦霧⑦島錫搬騨麗颪壬諺醤融鵜話曾q》覚皐源9く年来謁。ゑ重厚董搬藪享圏コ⊇一・
 峯留手4`》4駈搬(P淋蟹貨4田翼9ゑ團2慷翠黒鍬鵬鵜騨曾喫弘G一(P轟轟⑦駈狂州鞭¥翠1弘専一號
 。望∩敢狛2R2曾ゑ冶趨2繭求総濠翼晶⑦2'qア2R2藪ゑ鉗呈樟辛≧4陸尽く芸裏螺士塞手Ω翼翼
 割晋号習迂窪手¥罪泣駈挫宰。傑¢啄弘器但出撃噛穆⑦到劉畳(P層群曾習2慢享舞鶴母鵬話'q禦塁壁
 晶咳4・4弾團翻蔦捏ユ咽墾翠ゆ累厚蔦櫻⑦牽瓢¥劔犀曾鰍4董停留咽率コ慨縣厚様圏暉殺⑦士塞(P江島.
 写豚1・土量r¥∩4∩。9傑Ω.{葎鼻f⊃.@型コ慣ご斜1⑦基準♪⑦閉》⑦中習霧⊂ぎ副珊⑦4`46委⑦中土{タ㌧〕負聯零
 無籍融聯弾'黒凶夕。曾qユ儲卑賎挫2γy翠)'Gアコ1(裂貿瞬塔型斡)UI〈[N壱(辛禰瞬到鞭篇士塞)
 田匠'即職酸鰍%η目馳濠覇⑦転.〆一路蜘ね脚鋼劇職課羅囎。曾兜
 ⑦阜辮η峯厚蕾霧照騰極開α)唄鷹握⑦氷講鯉鵬話¥叫障甚庭瀬握く郎一4τミ礪懸¥
 騨'2鮒卿臼担∠'q摩車留ゑ兇2犀菖障騰駒環蛎契蜘騰鼎9甲2憶擢酉鯛一馬溜罵呈宰
 昌壷(P渚男星i畢牽嬰
